Although it is generally accepted that insulin accelerates the removal of glucose from the blood (1, 2), there has been disagreement regarding the effect of epinephrine on glucose utilization in normal individuals (2-5). The effect of hyperthyroidism on glucose tolerance tests has been found to be variable. The present study was undertaken to clarify the effects of epinephrine, insulin, and hyperthyroidism on the rate of removal of glucose from the blood of adult subjects by means of the rapid intravenous glucose tolerance test (6).
Although it is generally accepted that insulin accelerates the removal of glucose from the blood (1, 2) , there has been disagreement regarding the effect of epinephrine on glucose utilization in normal individuals (2) (3) (4) (5) . The effect of hyperthyroidism on glucose tolerance tests has been found to be variable. The present study was undertaken to clarify the effects of epinephrine, insulin, and hyperthyroidism on the rate of removal of glucose from the blood of adult subjects by means of the rapid intravenous glucose tolerance test (6) .
MATERIAL AND METHODS
All subjects had been on a diet containing at least 150 grams of carbohydrate daily for at least one week. The rapid intravenous glucose tolerance test was carried out after a 14 hour fast, and the rate of glucose disappearance from the blood was determined as described in a previous publication (6) . By this method the range of blood glucose disappearance rates in normal individuals is from 3.00 to 4.84 per cent per minute.
A group of 21 normal males was employed in studying the effect of insulin and of epinephrine. A control test was performed on each subject. The test was performed in 17 of the group, 30 minutes following the subcutaneous administration of 0.5 mg. epinephrine. In a normal individual epinephrine produces a rise in the blood sugar which reaches a maximum within 25 minutes, following which there is a relative plateau for approximately 90 minutes corroborating previous work. In 18 of the group the test was performed immediately after the intravenous administration of 4 units of crystalline insulin. A time interval of approximately one month was allowed to elapse between tests in each subject.
Seventeen patients with uncomplicated hyperthyroidism were studied before treatment with radioactive iodine, and the studies were repeated when a remission of the hyper- 1 Published with the approval of the Chief Medical Director. The statements and conclusions published by the authors are the result of their own study and do not necessarily reflect the opinion or policy of the Veterans Administration.
2Present Address: 14634 Pansy Street, San Leandro, California. thyroidism had occurred. All the patients had been on a diet of 5000 calories daily for at least seven days prior to study. A standard oral glucose tolerance test (100 Gm. dose), a basal metabolic rate, and a 24-hour thyroid radioactive iodine uptake were also obtained. The oral glucose tolerance test was interpreted in light of the fasting blood sugar and the blood sugar level at 2 and 3 hours. The macro blood glucose determinations for the oral glucose tolerance test were carried out by the method of Benedict (7) .
RESULTS
Epinephrine was found to produce a decrease in the blood glucose disappearance rate (Table I ). In the control study, the mean disappearance rate was 3.64, and the range was 3.00 to 4 Figure 1 .
Insulin produced an increase in the blood glucose disappearance rate. The mean, rate in the control study was 3.59, and the range was 3.01 to 4.84 per cent per minute (Table II) . After administration of insulin the mean was 7.94 and the range 4.12 to 11.90 per cent per minute. The mean of the differences between the control with and without insulin was significant with P less than 0.01. This change is graphically illustrated in Figure 2 .
In moderate to severe hyperthyroidism the disappearance rate of glucose was studied in has also been found to prevent a normal rise in 60 the arteriovenous difference of the blood sugar as,50o~"is \ during the oral glucose tolerance test (2) (3) (4) . In 0~~~~~~~~~~~4 0 eviscerated rats, it also has been observed that X 30 epinephrine inhibited glucose utilization (11 work which has demonstrated that insulin accelerates the removal of glucose from the blood (12) (13) (14) . This increase in the rate of glucose removal may be a reflection of either an increased rate of entry of glucose into the cells (15) , or increased phosphorylation of glucose in the hexokinase phase; both mechanisms are probably important.
A diabetic-like response to the oral glucose tolerance test in hyperthyroid subjects has led some observers to postulate an impairment in carbohydrate metabolism. However, direct studies of the action of thyroxine on tissues have revealed that there is an increased uptake of oxygen (16) as well as an increased rate of removal of glucose (17) . Other studies have further indicated that the oxidation of glucose is normal or increased in hyperthyroidism (18, 19) . The present study revealed that while hyperthyroid, 14 of 16 patients had either a normal or an increased rate of glucose removal from the blood during the rapid intravenous. glucose tolerance test. However, five patients with normal or increased glucose disappearance rates had oral glucose tolerance curves which were interpreted as being diabetic in type.
There appeared to be little relationship between the glucose disappearance rates and the oral glucose tolerance curves in the hyperthyroid patients either before or after treatment. It may be that the intravenous glucose tolerance test is a more direct study of the effect of the thyroid hormone on accelerating the oxidative processes of all cells. In a similar manner, the diabetic-like curve and the excessive hyperglycemia with the standard oral glucose tolerance test may be due to the effect of the thyroid hormone on accelerating 
SUMMARY
The disappearance rate of glucose in 17 normal men during the rapid intravenous glucose tolerance test was found to decrease after the administration of epinephrine.
Insulin increased the rate of disappearance of glucose two to three fold in 18 normal men.
In 15 of 17 subjects with hyperthyroidism, the rate of glucose disappearance was found to be normal or increased. After remission of the hyperthyroidism the rate of disappearance of glucose was slower in eight, unchanged in five and slightly more rapid in two patients.
The oral glucose tolerance curves in 6 of 16 patients with hyperthyroidism were interpreted as diabetic in type. Of the six patients who had diabetic-like curves before treatment only four became normal after remission of the hyperthyroidism. Of the 10 patients with normal oral glucose tolerance curves before treatment, two became diabeticlike after therapy.
There was no correlation in the hyperthyroid group between the glucose disappearance rate and the oral glucose tolerance test before or after treatment.
